We report the first measurements of Mg II absorption systems associated with spectroscopically confirmed z ∼ 0.1 star-forming galaxies at projected distances of D < 6 kpc. We demonstrate the data are consistent with the well known anti-correlation between rest-frame Mg II equivalent width, W r (2796), and impact parameter, D, represented by a single log-linear relation derived by Nielsen et al. (MAGIICAT) that converges to ∼ 2 Å at D = 0 kpc. Incorporating MAGIICAT, we find that the halo gas covering fraction is unity below D ∼ 25 kpc. We also report that our D < 6 kpc absorbers are consistent with the W r (2796) distributions of the Milky Way interstellar medium (ISM) and ISM+halo. In addition, quasar sight-lines of intermediate redshift galaxies with 6 < D < 25 kpc have an equivalent width distribution similar to that of the Milky Way halo, implying that beyond ∼ 6 kpc, quasar sight-lines are likely probing halo gas and not the ISM. As inferred by the Milky Way and our new data, the gas profiles of galaxies can be fit by a single log-linear W r (2796) − D relation out to large scales across a variety of gas-phase conditions and is maintained through the halo/extra-planar/ISM interfaces, which is remarkable considering their kinematic complexity. These low redshift, small impact parameter absorption systems are the first steps to bridge the gap between quasar absorption-line studies and H I observations of the CGM.
INTRODUCTION
Metal enrichment and the interplay between galaxies and their extra-planar/halo gas is strongly influenced by mergers, galactic winds, high velocity clouds (HVCs), and filamentary infall (see reviews by Putman et al. 2012; Sancisi et al. 2008; Veilleux et al. 2005 ). However, we lack a thorough understanding of how these processes affect galaxies, their extraplanar gas, and their surrounding circumgalactic medium (CGM). Observation of the quantity, distribution and properties of gas within galaxies and their halos can provide vital insight into the physical processes that govern the dynamics and chemical enrichment of galaxies and the CGM.
The Mg II λλ2796, 2803 absorption doublet, detected in background quasar spectra and known to arise from the gaseous halos of galaxies, is an ideal tracer of low-ionization gas with 10 16 ≤ N(H I) ≤ 10 22 cm −2 (Churchill et al. 2000a; Rigby, Charlton, & Churchill 2002; Churchill, Kacprzak, & Steidel 2005) . The combination of the quasar absorption-line technique and a sensitive CGM tracer provides a unique means of directly observing the interplay and mechanisms by which galaxies acquire, expel, chemically enrich, and recycle their gaseous component. Furthermore, a significant quantity of H I is probed by Mg II absorption; roughly equivalent to 5% of the total hydrogen in stars (Kacprzak & Churchill 2011; Ménard & Fukugita 2012) . Although there is significant evidence suggesting that Mg II absorption traces outflows from star-forming galaxies (Bouché et al. 2006; Tremonti et al. 2007; Zibetti et al. 2007; Noterdaeme et al. 2010; Rubin et al. 2010; Bordoloi et al. 2011; Ménard & Fukugita 2012; Martin et al. 2012 Rubin et al. 2013) , accretion onto galaxies (Steidel et al. 2002; Chen et al. 2010; Kacprzak et al. 2010a Kacprzak et al. , 2011b Ribaudo et al. 2011; Churchill et al. 2012; Kacprzak et al. 2012; Martin et al. 2012; Churchill et al. 2013a; Rubin et al. 2013 ) and high velocity clouds (Richter 2012) , with all indicating inclination and azimuthal angle dependencies (Kacprzak et al. 2011b Bordoloi et al. 2011 Bordoloi et al. , 2012 Bouché et al. 2012) , the Mg II rest-frame equivalent width is strongly anti-correlated with impact parameter (e.g., Steidel 1995; Bouché et al. 2006; Kacprzak et al. 2008; Chen et al. 2010; Churchill et al. 2013a; Nielsen et al. 2012 Nielsen et al. , 2013 . With 182 galaxies having impact parameters of D 10 kpc, Nielsen et al. (2012 Nielsen et al. ( , 2013 showed a 7.9 σ anti-correlation between W r (2796) and D. However, it is unclear how this relationship behaves below D ∼ 10 kpc given that within this regime resides the boundaries between the extended halo gas, the extra-planar gas, HVCs, and the interstellar medium of the host galaxy. Although the W r (2796) − D relation is smooth, there exists considerable scatter in the data that could be related to the host galaxy luminosity, mass, star formation, orientation, or to a patchy CGM distribution (see Nielsen et al. 2012; Churchill et al. 2013a,b, and references therein) . At low impact parameters, the gas covering fraction is expected to be unity since local H I observations show a unity gas covering fraction within a few kiloparsecs (Zwaan et al. 2005) .
In the local Universe, there is a wealth of H I emissionline studies examining the complex extra-planar gas dynamics within 15 kpc of galaxies (limited to logN(H I)< 19) (Putman et al. 2012; Sancisi et al. 2008; Veilleux et al. 2005) . Given that the majority of the gas physics occurs near/above the plane of the disk, it is critical to identify absorptionline systems at low D to examine how the W r (2796) − D relation behaves around the disk/extra-planar/halo gas interface. Furthermore, absorption systems at z ∼ 0.1 (e.g., Barton & Cooke 2009 ) will provide overlapping and complementary data for future H I surveys using The Australian Square Kilometer Array Pathfinder, such as WALLABY (600k galaxies at z = 0 − 0.25) and DINGO (100k galaxies at z = 0 − 0.40).
Motivated by the lack of overlap between H I emission and absorption-line system observations and the lack of absorption-line systems within this low impact parameter range, we identified seven new Mg II absorbers with D < 6 kpc. These observations provide the first glimpses into the galaxy/extra-planar/halo gas boundaries connecting H I and Mg II observations. In § 2 we describe our sample selection and analysis. In § 3, we present the D < 6 kpc absorbers and how they fit on the existing W r (2796) − D anti-correlation. We further compare our systems to those in our own Milky Way in order to interpret the plausible origin of the absorbing gas at very small impact parameters. Our concluding remarks are in § 4. We adopt a h = 0.70, Ω M = 0.3, Ω Λ = 0.7 cosmology.
THE SAMPLE AND ANALYSIS
The Sloan Digital Sky Survey (SDSS) spectroscopic fibers have a diameter of 3 ′′ (8 kpc at z = 0.15), thus, any fiber could contain a background quasar and a foreground galaxy. Therefore close star-forming galaxy and quasar pairs can be identified by quasar spectra having superimposed foreground galaxy emission-line spectra. York et al. (2012) identified 23 Hα-emitting foreground galaxies with z < 0.4 at small impact parameters from quasars using the SDSS Data Release 5 and Noterdaeme et al. (2010) identified 46 [O III]-emitting galaxies at z < 0.8 within the SDSS Data Release 7. Here we have identified a subset of seven z ∼ 0.1 galaxies that are clearly identified in ground-based imaging and are at a redshift where it is possible to detect their Mg II absorption using blue sensitive optical CCDs (see Barton & Cooke 2009 ).
Quasar Spectroscopy
The seven quasar spectra were obtained on 2013 April 10 using the Keck Low Resolution Imaging Spectrometer (LRIS) (Oke et al. 1995) with the 1200 lines/mm grism blazed at 3400 Å, which covers a wavelength range of 2910−3890Å. We used a 0.7 ′′ slit (1 ′′ slit for ID7), providing a dispersion of 0.17 Å per pixel and a resolution of ∼1.12 Å (∼105 km s −1 ). Integration times of 2200-4400 seconds were used, depending on the magnitude of the quasar and the foreground galaxy redshift. The spectra were reduced using the standard IRAF packages and were heliocentric and vacuum corrected.
The quasar spectra were objectively searched for Mg II doublet candidates using a detection significance level of 3 σ (2 σ for ID19) for the λ2796 and λ2803 lines. All seven absorbers are also identifiable by their strong Mg I λ2853 absorption. Detection and significance levels follow the formalism of Churchill et al. (1999) . Analysis of the absorption profiles was performed using our own graphic-based interac- FIG. 1.-15×15 ′′ images (27.7 × 27.7 kpc at z = 0.1) of the obscured quasar (center indicated by an "X") and the emission-line foreground galaxies (centers indicated by an square) producing the observed Mg II absorption. The close galaxy and quasar pairs were identified by the quasar spectra having superimposed foreground galaxy emission-line spectra. The top panels are Gemini/GMOS-N i-band, Gemini/GMOS-S i-band and CFHT/MegaPrime gband images (left to right). The bottom panels are SDSS r-band images.
tive software that uses the direct pixel values to measure the equivalent widths and the redshift of the Mg II λ2796 transition. The Mg II absorption redshifts were computed from the optical depth weighted mean of the absorption profiles (see Churchill & Vogt 2001) . The statistical redshift uncertainties range between 0.00001-0.00009 (∼ 3 − 30 km s −1 comoving).
Galaxy/Quasar Imaging
In Figure 1 , we present the seven new quasar-galaxy pairs where the quasar is placed in the center of the image. All galaxies were imaged with SDSS (0.4 ′′ /pixel), however additional archival imaging was obtained for three of the objects from the Canadian Astronomy Data Centre (CADC). Impact parameters were computed between the photometric centroids of the background quasar and galaxy using Source Extractor (Bertin & Arnouts 1996) . In cases where the quasar and galaxy are blended (e.g., ID14), we performed a PSF subtraction of the quasar light. The PSFs were created by modeling selected stars within the same field.
RESULTS & DISCUSSION
In Table 1 (Nielsen et al. 2012 . The dotted line is the power-law fit derived by Chen et al. (2010) . Our new objects have D < 6 kpc and are indicated with blue diamonds.
have relative velocity offsets of 10 ≤ ∆v ≤ 530 km s −1 . A detailed kinematics study will be presented in an upcoming paper. The host galaxies have a L R = 0.5L ⋆ and a SFR = 2 M ⊙ yr −1 (York et al. 2012) . These systems represent the lowest impact parameters probing Mg II absorption around known host galaxies. At these projected separations we are likely probing H I column densities of log[N(H I)]∼ 19 − 21 that are typically detected around local star-forming galaxies and extend out to 10-15 kpc (see Sancisi et al. 2008) .
In Figure 2 we show the current state of the W r (2796) − D relation for known Mg II absorption systems that are associated with spectroscopically identified host galaxies. The circles and limits represent a body of work from the literature consisting of 182 absorbers and non-absorbers, respectively, recently compiled in the MAGIICAT 4 (Nielsen et al. 2012 . For our analysis, we have added an additional MAGIICAT galaxy to our D<6 kpc sample that is associated with a W r (2796) = 0.72 Å absorber at D = 5.4 kpc (Steidel et al. 1993; Guillemin & Bergeron 1997) . Nielsen et al. (2012) found a 7.9 σ anti-correlation between D and W r (2796) that is best fit by log[W r (2796)] = ( − 0.015 ± 0.002) × D + (0.27 ± 0.11). The dotted line is a power-law fit by Chen et al. (2010) to a subset of 71 systems.
Our seven new absorbers are presented as diamonds (blue) in Figure 2 . We find that the Chen et al. (2010) extrapolated fit over-estimates the expected equivalent widths at low impact parameters. However, we find that the eight D < 6 kpc absorbers follow the MAGIICAT fit, even around ∼1 kpc. This is interesting since Mg II absorption at higher impact parameters is expected to trace a range of kinematically different, infalling, outflowing, metal-poor, metal-rich gas structures, while gas within a few kiloparsecs should be associated with an extended, infalling, and co-rotating extra-planar disk (e.g., Fraternali et al. 2002; Heald et al. 2007 ) combined with possible wind signatures (e.g., Martin et al. 2012; Rubin et al. 2013) . Therefore it is interesting that, to first order, the equivalent widths, which measure both gas kinematics and quantity, exhibit a smooth continuity with the log-linear fit based upon extended halo gas. This may reflect recent results that Mg II gaseous halos are self-similar when normalized by the galaxy halo mass, indicating that regardless of the kinematic and gas origins, the halo mass is the dominant driving factor in determining their properties (Churchill et al. 2013a,b) . The smooth W r (2796) − D relation does not necessarily imply that the gas distribution within an individual galaxy is smooth, but rather that gas patchiness and kinematic/column density profiles conspire to yield a monotonically decrease gas profile for a heterogeneous population of galaxies with random orientations.
The halo gas covering fraction is found to be unity within 10 kpc, which is consistent with the unity H I emission covering fraction for local star-forming galaxies out to 10 kpc (see Sancisi et al. 2008) . The eight absorbers within 6 kpc have a mean W r (2796) = 2.2 Å; using the Ménard & Chelouche (2009) (Zwaan et al. 2005) . In addition, the covering fraction remains unity out to 25 kpc. Our eight galaxies are expected to contain a significant H I gas component since they were selected by emission lines produced by ongoing star formation.
Given that the W r (2796) distribution is roughly constant within 10 kpc, with unity covering fraction, we can assume that the column density profile is roughly constant towards the galaxy center with log[N(H I)] ∼ 20.1 (for W r (2796) = 2.2 Å). The product of the column density and a gas crosssection of radius 10 kpc yields an estimated total H I mass traced by Mg II of M H I = 1.3 × 10 8 M ⊙ . The eight galaxies in our analysis have a mean luminosity of L R = 0.5L ⋆ and are expected to have a typical total H I gas mass of M H I ∼ 5 × 10 9 − 2 × 10 10 M ⊙ (Huang et al. 2012 ). Our derived H I mass is consistent with the expected halo/extraplanar H I gas mass, which are roughly 1-30% of the total H I gas mass (Sancisi et al. 2008) . However, since the quasar lines-of-sight pass very near to and through the galaxy disk, it is expected that the computed H I mass traced by Mg II absorption is equivalent to the total expected H I mass. This H I mass inconsistency could be caused by: (1) the N(H I)-W r (2796) relation under-predicting the amount of H I at high W r (2796), (2) the Mg II absorption tracing only halo/extraplanar material outside the higher column density disk, or (3) the W r (2796) − D relation having a sharp turn-up in equivalent width at D smaller than we have probed with this work in order to account for the remaining missing gas mass. Zwaan et al. (2005) reproduced the incidence rate of high redshift DLAs assuming that DLAs arise from disk/ISM gas of local galaxies and found that the median D giving rise to DLAs was 7.3 kpc; we apply this D-cut which is equivalent to a D < 6 kpc cut for our study (see Figure 2) . To examine if the equivalent widths found for the D < 6 kpc sight-lines are representative of a combination of halo gas and the interstellar medium (ISM), we use the best studied case -the Milky Way (MW). The most comprehensive absorption-line analysis of the MW was performed by the Hubble Space Telescope Quasar Absorption Line Key Project (Bahcall et al. 1993) . A total of 83 quasars were observed with the Faint Object Spectrograph G190H and G270H gratings identifying 85 Galactic Mg II systems: 71 Mg II systems are identified as being free of IGM Ly α contamination from high redshift sources (Savage et al. 2000) . Savage et al. (2000) identified 71 systems as being ISM+HVC/halo gas (see their Table 7 , columns 8+10) and 21 systems as HVC/halo gas (see their Table 7 , column 10). We do not attempt to differentiate between absorption produced by HVCs or halo gas, so we adopt the notation of "MW ISM+halo" and "MW halo" absorption systems. Although this is the best sample to compare to, there is one caveat: the MW sight-lines pass through approximately half of the disk/halo. Accounting for the highly saturated nature of the MW absorption-lines, and assuming the gas velocity dispersion is symmetric about the disk-plane, we multiply the equivalent widths by a factor of two to emulate a full line-ofsight through the MW.
In Figure 3 , we plot the equivalent width distributions of the D < 6 kpc sample and MW ISM+halo sample. Note that the D < 6 kpc and the MW ISM+halo samples are similar with median values of 2.25 Å and 2.70 Å and average values of 2.20 Å and 2.70 Å, respectively. A KolmogorovSmirnov (KS) test indicates that the D < 6 kpc and the MW ISM+halo W r (2796) distributions are likely drawn from the same parent population with P(KS) = 0.576 (0.80 σ). This implies that the D < 6 kpc sample is likely detecting the expected total ISM+halo of their host galaxies. Given that the MW ISM+halo W r (2796) distribution is consistent with the D < 6 kpc distribution, and that the ISM will unlikely produce higher W r (2796) systems, we would not expect to observe a sharp upturn in the W r (2796) − D relation as one approaches D = 0 kpc. Although the sight-lines through the MW intercept the disk at D = 8.5 kpc, the H I radial column density profile is rather flat for D < 8.5 kpc (Kalberla & Kerp 2009) and the W r (2796) distribution would likely be similar if we were located elsewhere in the disk.
In Figure 3 we show the 6 < D < 25 kpc equivalent width distribution for intermediate redshift galaxies from MAGIICAT. Note that compared to the D < 6 kpc sight-lines, they appear quite different with an average W r (2796) of 1.0 Å compared to 2.2 Å (D < 6 kpc). A KS test shows that two populations differ at the 3.1 σ level (P(KS) = 0.002). We further show the W r (2796) distribution of MW halo systems in Figure 3 , which has an average W r (2796) of 0.86 Å. The MW halo distribution is similar to the 6 < D < 25 kpc distribution with P(KS) = 0.767 (1.19 σ) and very different from the D < 6 kpc distribition at the 3.4 σ level (P(KS) = 0.00072). The similar distribution between the MW halo and 6 < D < 25 kpc systems suggest that higher impact parameter quasar sightlines systems likely probe halo gas material at much lower H I column densities. Thus, small-D Mg II absorption systems are indeed tracing the ISM or ISM+halo gas from their host galaxies, relative to expectations from the MW.
Our initial H I mass calculation must suffer from geometry and/or filling factor assumptions and/or uncertainties of the N(H I)-W r (2796) relation (Ménard & Chelouche 2009) 4. CONCLUSION We have obtained the first measurements of Mg II absorption associated with spectroscopically confirmed star-forming galaxies at projected distances of D < 6 kpc. We find the following:
1. The well known anti-correlation between rest-frame Mg II equivalent width and impact parameter is maintained for systems with 0.5 < D < 6 kpc and the gaseous halos have unity covering fraction within D < 25 kpc. Furthermore, the W r (2796) relation converges to ∼ 2 Å at D = 0 kpc.
2. When compared to the Milky Way, we find that our D < 6 kpc sample is consistent with the W r (2796) distributions of the MW ISM+halo; the majority of the W r (2796) is produced by the ISM. This indicates that our new systems are likely probing the ISM/disk and halo gas of their host galaxies.
3. The comparison between the MW and small-D absorption-line systems indicates that the halo gas profile likely decreases monotonically from the galaxy center out to ∼ 150 kpc, with the covering fraction decreasing as a function of D. This implies no rapid increase in W r (2796) at D approaches 0 kpc. Our data show there is a smooth log-linear continuity in the gas content from the outer halo all the way to the halo/extraplanar/ISM interface of galaxies and is not in agreement with the extrapolations of power-law fit of (Chen et al. 2010 ).
4. When compared to the MW, quasar sight-lines with 6 < D < 25 kpc have a W r (2796) distribution similar to that of MW halos, implying that beyond D ∼ 6 kpc, quasar sight-lines likely are tracing halo gas only.
It is remarkable that gas profiles of galaxies can be fit by a single log-linear W r (2796) − D relation over such large scales and range of gas-phase conditions. Consistent with the MW, this relation is maintained through the halo/extra-planar/ISM interfaces regardless of their complex kinematic interplay. This further implies a smooth H I column density profile surrounding galaxies below current observational limits.
These low redshift, small-D absorption systems will be important in bridging the gap between absorption-line studies and future H I observations/surveys, which could play a key role in understanding the CGM.
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